The treatment of multiple thoracolumbar spine fractures according to fracture continuity has rarely been reported. Herein we evaluate the clinical features and outcomes of multiple thoracolumbar fractures depending on continuous or noncontinuous status. patients with acute thoracic and lumbar multiple fractures who underwent posterior fusion surgery were evaluated. Patients were divided into two groups (group A : continuous; group B : noncontinuous). We investigated the causes of the injuries, the locations of the injuries, the range of fusion levels, and the functional outcomes based on the patients' general characteristics. Results : A total of 48 patients were enrolled (group A : 25 patients; group B : 23 patients). Both groups had similar pre-surgical clinical and radiologic features. The fusion level included three segments (group A : 4; group B : 5) or four segments (group A : 19; group B : 5). Group B required more instrumented segments than did group A. Group A scored 23.5 and group B scored 33.4 on the Korean Oswestry Disability Index (KODI) at the time of last follow-up. In both groups, longer fusion was associated with worse KODI score. Conclusion : In this study, due to the assumption of similar initial clinical and radiologic features in both group, the mechanism of multiple fractures is presumed to be the same between continuous and noncontinuous fractures. The noncontinuous fracture group had worse KODI scores in long-term follow-up, thought to be due to long fusion level. Therefore, we recommend minimizing the number of segments that are fused in multiple thoracolumbar and lumbar fractures when decompression is not necessary. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
INTRODUCTION
Continuous multiple vertebral fracture is a fracture type involving more than two consecutive fractured vertebral seg-ments, while non-continuous multiple vertebral fracture composed of fractures separated by normal vertebral segments 23) . In the thoracic and lumbar spine, most multiple vertebral fractures occur due to high-energy trauma resulting in unstable fractures and necessitating surgical fixation to obtain stability of the compromised segment 23) . However, it is assumed that multiple thoracic and lumbar spine fractures according to fracture continuity differ from each other depending on the cause of injury, fracture morphology, level of fracture, and prognosis 9) . Most acute multiple unstable thoracolumbar fractures patients without osteoporosis undergo surgical treatment in order to maintain stability of the vertebral column, but their surgical option is subjected to long segment fixation, often resulting in postoperative complications such as limitations of spinal motion, failure of instrumental devices. Noncontinuous thoracic and lumbar spine fractures are rare and the literature reporting this subject is more scarce compared to that reporting continuous fractures. As usual, in the case of multiple thoracolumbar fractures, the surgeon decides upon the fixation level and extent depending on the patient's neurologic status and spinal instability corresponding to the fractures. The optimal approach to the management of these patients has yet to be recognized.
As such, we aimed to retrospectively analyze patients with multiple thoracic and lumbar spine fractures with regard to fracture continuity. The patient demographic findings, cause of injury, radiologic findings, fracture classification, surgical findings, and prognosis were included. The main purpose of this study was to evaluate the clinical features of multiple thoracolumbar spinal fractures and compare the surgical effects according to fracture continuity.
MATERIALS AND METHODS

Patients
This study was approved by Ewha Womans Mokdong Hospital Bioethics Commitee (IRB no. 2018-05-16-0012). We retrospectively analyzed 48 patients among 85 patients who were diagnosed with acute multiple thoracic and lumbar fractures and who underwent surgery between January 2010 and January 2016 in our hospital. Eligible patients were those with acute multiple unstable thoracic and lumbar fractures unrelated to osteoporosis who were surgically treated and observed for more than 2 years. The osteoporotic fractures patients were excluded and the criteria for osteoporotic fractures were as follows 1) older than 50 years of age, 2) having a history of osteoporotic compression fracture, and 3) less than -2.5 score in bone mineral density.
Study participants were classified into two groups based on fracture continuity. The patients with continuous fractures was defined as group A (continuous type; 25 patients) and the patients with fractures separated by normal vertebral segments were defined as group B (non-continuous type; 23 patients).
Methods
Demographic findings including sex, age, cause of injury were examined. Radiologically, the locations of the injured vertebrae and the number of injured segments as well as the type of injury were investigated. The main fracture of the injury was defined as a fracture, distraction, or dislocation that : 1) appeared to be most unstable on the plain radiographs, computed tomography (CT), and magnetic resonance imaging (MRI) scans or 2) was associated with a neurological deficit. The minor fractures of injury were relatively more stable than the major fracture by radiographic criteria and were not related or were less-related with neurological status. For the type of injury, McAfee's classification was applied (e.g., wedge compression fracture, stable burst fracture, unstable burst fracture, Chance fracture, flexion distraction injury, Translation injury) 17) . According to McAfee's classification, the difference between stable burst fracture and unstable burst fracture was the presence of injury of vertebral posterior column 17) .
The ranges of instrumentation, neurologic status, functional outcome, pain, and complications were investigated. Neurologic status was evaluated by using the American Spinal Injury Association (ASIA) scale. A visual analogue scale (VAS; 10 points) and the Korean Oswestry Disability Index (KODI) were used for determining functional outcome, which consisted of 10 sections such as pain intensity, personal care (i.e., washing, dressing), lifting, walking, sitting, standing, sleeping, social life, and traveling and ranged in possible score from 0 (no pain, healthy) to 5 (most severe pain) points 11, 12) . KODI was measured 1 month after surgery for the first time and then at 6-month intervals.
Continuous fractures were fixed to one or two segments below the unstable fracture. In noncontinuous fracture patients, if one of the upper or lower fractures was unstable and contributed to a neurological deficit while the others were stable, the most compromising fracture was fixed and the others were treated conservatively. When all fractures were considhttps://doi.org/10.3340/jkns.2019.0093 ered to contribute to neurologic deficit(s) and instability, all injured segments were instrumented.
The clinical results of the two groups were compared and analyzed. The analysis was conducted via the Statistical Package for the Social Sciences version 21.0 (SPSS) software program (IBM Corp., Armonk, NY, USA) using an independent samples t-test and bivariate correlation analysis, chi-squared test, and one-way analysis of variance. Statistical significance was considered to be when the p-value was less than 0.05.
RESULTS
Study participant ages ranged from 18 to 50 years (mean, 35.4±11.3 years) ( Table 1 ). The average age of group A (continuous fractures) was 31.4 years and the male to female ratio was 2.57 : 1 (18 males and seven females). In group A, there were 14 cases of motor vehicle accident, seven cases of falling from a large height, two cases of direct injury due to being hit by an object, and four cases resulting from other causes. Most cases in this group were the result of a high-energy injury such as a motor vehicle accident or a fall from a large height (23 cases; 92%), while two cases (8%) involved lower-energy injuries. The main fractures in group A included 16 cases at the thoracolumbar junction and four cases and five cases of above and below the thoracolumbar junction (T10-L2), respectively. Most of the multiple fractures in the thoracic and lumbar vertebrae were more frequently concentrated in the thoracolumbar area in both groups, regardless of fracture continuity (31/48 cases; 62.5%).
In group B (noncontinuous fractures), the mean age of the included patients was 36.3 years. Sixteen cases were present in males and seven in females. In group B, 14 cases were due to motor vehicle accidents, six were from falling from a large height, and three were from other injuries. Fractures resulting from a high-energy impact accounted for 86.9% of all cases (20 cases). The number of high-energy-related injuries in group B was smaller than that in group A. Furthermore, those in group A were relatively younger as compared with in group B (31.4 vs. 36.3 years). In assessing whether there was a statistically significant difference in age and high-energy-related injury between the two groups, a Student's t-test revealed p-values of 0.115 and 0.128, respectively. Thus, there was no statistical difference noted in age or cause of high-energy injury between the groups Location of main fracture* 0.152
Above T-L junction 4 3
T-L junction (T10-L2) 16 15
Below T-L junction (Table 1) . In this study, there was no ASIA grade E for initial neurologic status in either group. Group A consisted of seven patients with ASIA grade A, eight with grade B, five with grade C, and five with grade D. On the other hand, group B included four with ASIA grade A, five with grade B, six with grade C, and eight with grade D. Group A contained more neurologically compromised patients than did group B, although there was no statistical difference (p=0.085).
The number of multiple fractured vertebral segments was 15 cases with two fractures (60.0%), eight cases with three fractures (32.0%), and two cases with four fractures (8.0%) in group A and 17 cases with two fractures (73.9%), five cases with three fractures (21.7%), and one case with four fractures (4.3%) in group B. Base on this, there was no statistically significant difference in the number of fractures between the two groups (Table 2) . Separately, the kyphotic angle and lumbar lordosis were 27.4°±14.9° and 22.4°±12.1° in group A and 25.5°±13.0° and 23.5°±15.7° in group B, with no statistically significant difference (p=0.254 and p=0.325).
According to McAfee's classification, various fracture morphologies were observed regarding the combination of the main fracture and minor fractures, as follows : unstable burstcompression, distraction-compression, chance fracture-compression, translation-compression, unstable burst-unstable burst, unstable burst-distraction, and translation-unstable burst ( Table 2 ). The most common types of major fractures were burst fractures in both groups (30/48; 62.5%). The incidence of burst fracture was 64.0% (16/25) for group A and 60.1% (14/25) for group B, followed by distraction injury in eight cases (16.7%), translation in eight (16.7%), and chance fracture in three (6.3%). Group B had no unstable burst-distraction or unstable burst-translation type fractures.
The minor fractures were predominantly compression fractures in 18 patients (37.5%, nine in group A, seven in group B). There was no difference in prevalence between the two groups according to the type of fracture (p=0.157).
The extent of fixation performed during operation in group A was four cases involving three segments, 19 cases involving four segments, one case involving five segments, and one case involving six segments. In group B, three segments were fixed in five cases, four segments were fixed in five cases, five segments were fixed in 10 cases, and six segments were fixed in three cases. Of note, the number of instrumented vertebral segments in group B (noncontinuous fractures) was higher than that in group A (continuous fractures). There were four cases in which iliac screws were inserted for fixation (one in group A and three in group B). The preoperative VAS score was 8.4 points in group A and 7.5 points in B group, while the VAS score at the time of last follow-up was 3.4 points in group A and 2.8 points in group B. There was no statistical difference (p=0.386) ( Table 3) .
Clinical evaluation using the KODI showed an average of 23.5 points in group A and 33.4 points in group B at the time of last follow-up. KODI score improved more so in group A from 45.3 to 23.5 versus from 42.8 to 33.4 in group B. Upon comparing the mean KODI between the two groups, group A showed better clinical outcomes than did group B, which were statistically significant (p=0.018).
The higher the number of fractured segments in each group, the less clinical result was as presented via KODI score.
This finding was statistically significant (p=0.035) according to Pearson's correlation.
Neurologically, both groups showed postoperative improvement as compared to their initial post-traumatic state. In group A, initially, the distribution of ASIA scale was seven patients with grade A, eight with grade B, five with grade C, and five with grade D but three with grade A, four with grade B, three with grade C, nine with grade D, and two with grade E at the time of last follow-up. In group B, initially, the distribution of ASIA scale was four with grade A, five with grade B, six with grade C, and eight with grade D, and but two with grade A, four with grade B, three with grade C, 10 with grade D, and four with grade E at the time of last follow-up. Surgical complications were found in five cases (two cases in group A and three cases in group B; 10.4%) ( Table 3) .
Radiologic data of each group were shown in Tables 4 and 5 . Group A had 24% (6/25 cases) extraspinal injuries, such as rib fractures, hemothorax, radius fracture, humerus fracture, and intraabdominal bleeding. Extraspinal injuries of group B were 26% (6/23 cases) and each injury was similar in content (Tables 4  and 5 ). In both group, seven cases (14.6%, 7/48 cases) were associ- Tables 4 and 5 ).
In group A (continuous fracture), there were 12 cases (48%) in which minor fractures were not included into instrumentation, and 13 cases (52%) in which minor fractures were included (Table 4 ).
In group B (noncontinuous fracture), there were 13 cases (56.5%) which had one intervening normal vertebra, six cases (26.1%) which had two intervening normal vertebrae, two cases (8.7%) which had three intervening normal vertebrae, and two cases (8.7%) which had four intervening normal vertebrae ( 
DISCUSSION
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In our study, 31.2% (15 of 48 cases) had extra-spinal injuries, such as rib fractures, hemothorax, long bone fractures, intra-abdominal bleeding, intracranial lesion, etc. We observed 14.6% associated cervical fractures (seven of 48 cases) in multiple thoracolumbar fractures.
Calenoff et al. 1) in 1978 defined a noncontinuous multiple vertebral fracture to be a fracture of the vertebral body at two different levels with an interval of more than three normal vertebrae in between. However, Powell et al. 20) in 1989 suggested that the existence of even a single normal vertebral body between the fractured vertebrae could be considered as a noncontinuous multiple vertebral fracture. The incidence of noncontinuous multiple vertebral fractures has been reported to range from 1.6% to 16.7% 7, 8, 23) . Regarding the pathogenesis of noncontinuous fracture, some authors have claimed that a concentration of force might result in a severe vertebral fracture in one area and secondary, less severe fracture(s) in another area due to the action of secondary force 7, 22) . Therefore, it was presumed that relatively stable fracture(s) occur in the other vertebrae because the force is dispersed to various spine regions 7) . Some authors have reported that noncontinuous multiple vertebral fractures are mostly caused by external forces and tend to have osteoporosis as a contributing factor, while continuous multiple vertebral fractures have been reported to be caused by high-energy trauma 3, 9) .
Dai and Jia 3) in 1996 suggested that continuous multiple vertebral fractures have a complex mechanism and show more severe injury and prognosis than does a solitary vertebral fracture and that a severe external force is concentrated on one vertebra, causing a severe fracture (i.e., a fracture that is directly related to instability or neurological signs) and a second fracture on the successive vertebra (i.e., a secondary fracture that might contribute to symptoms or neurological signs). However, in more recent years, it has been indicated that both main and minor fractures are relatively stable as a result of the dispersion of forces due to the multiple fractures 15) . But, there has been no consensus on the pathogenesis of noncontinuous vertebral fractures.
In this study, we classified a noncontinuous fracture case as when more than one nonfractured vertebral body was present between separated fractures; considering this criterion, 13 cases had one non-injured vertebra, six cases had two, two cases had three, and two cases had four, respectively ( Table 5 , Fig. 1 ). About the fusion range of noncontinuous fracture group, 82.6% (19/23 cases) were cases, in which all vertebral fractures including intervening normal vertebrae were instrumented.
In 2007, Lian et al. 15) claimed that the treatment of multilevel noncontiguous spinal fractures requires particular attention and must be individualized and certain factors must be taken into account, such as neurological deficit, spine instability and deformity, and the number of intact spinal units between the two fractures. They also proclaimed that if one lesion is stable without neurological deficit, and the second is unstable or attributing to neurologic deficit, only the second site was treated surgically and the other conservatively. In the patients that had a spinal cord injury corresponding to the upper level fracture, the lower level was treated non-operatively only if it was stable and no compression of spinal cord was shown in MRI or CT. Multiple vertebral fractures are most often caused by highenergy injuries including complicated traffic accidents or falls from large heights 22) . Henderson et al. 7) in 1991 and Korres et al. 13) in 2003 also reported that traffic accidents were the most common cause of multiple vertebral fractures. In the present study, traffic accidents were the most common cause of multiple vertebral fractures. Separately, in the case of a fall, the most frequent occurrence was a fall from the height of two stories. It is thought that a fall from a large height would prevent the patient from receiving a spinal operation due to multiple organ injuries 5, 6) .
The thoracolumbar spine was the most common site of fracture according to the injury mechanism 19) . In the present study, 31 (64.6%) of the 48 cases were located in the thoracolumbar junction. The thoracolumbar junction (T11-L2) site, which is a biomechanically transitional zone from the stable thoracic spine to the flexible lumbar spine, is known to have a high probability of injury 9, 19) .
Since the advent of MRI and CT scans, the delayed diagnosis of secondary fractures has been reduced. However, in a multiple vertebral fracture scenario, a fracture related to a neurological symptom or spinal deformity is easily diagnosed, but a fracture site where a neurological symptom is imposed or less severe may be overlooked and sometimes the diagnosis of other vertebral fractures is delayed 14) . In patients with noncontinuous multiple vertebrae fractures, the primary fracture site is easily diagnosed clinically and radiologically, but the diagnosis of secondary fractures often tends to be delayed. According to some reports, it took 2.8 to 52.6 days to diagnose the secondary fracture site 8, 13) . The reasons for the delayed diagnosis of other vertebral fractures are as follows 13, 20) . First, there are many cases where radiological fractures are not observable in plain X-rays. Second, radiologic studies of the upper-level spine are not as commonly performed. Third, there may be a lack of clinical experience among the involved health care professionals. Therefore, while it is not immediately necessary, if a fracture is diagnosed at one region of the spine, radiologic studies for other regions should subsequently be completed. A full sagittal MRI scan and radioisotopic bone scan may be helpful to prevent delayed diagnosis in cases of multiple trauma and complicated injury 10) .
There were no demographical or initial clinical differences relating to sex ratio, age distribution, cause of injury, or initial neurologic status (ASIA score) between the two groups. Radiologically, the number of fractures, kyphotic angle, and lordosis angle were not different between groups. However, the number of instrumented vertebral segments in group B (noncontinuous fractures) was higher than that in group A. Here, it is presumed that there existed nonfractured segments inbetween and these segments were included to be fixed. Patients with noncontinuous fractures often require long segment instrumentation so as to include all fractures in order to obtain firm stabilization. In this study, burst type fractures were overwhelmingly the most common, followed by distraction injury, translation injury, and chance fracture, respectively, in both groups (Fig. 2) . The distribution of fracture type was similar. As such, the mechanism of multiple fractures is presumed to be the same between continuous and noncontinuous fractures.
Powell et al. 20) reported that surgical treatment is mandatory for all fractured vertebral segments in noncontinuous multiple vertebral fractures. Conversely, though, Lian et al. 15) in 2007 emphasized that one fracture does not affect the other fracture site and that the extent of instrumentation should be selected according to the degree of spinal instability, type of fracture, and level of vertebral deformity. Although long-segment fixation can maintain firm stability in the immediate postoperative period, such may cause degenerative changes in the adjacent segments and decrease the vertebral motion due to a reduction in the motion segment. This could eventually cause discomfort in the activities of daily life due to limitations of motion after long fusion 21) .
In this study, both groups A and B had similar clinical and radiologic features, although group A was comprised of neurologically slightly worse patients than group B based on ASIA scores, group A ultimately also had better clinical outcomes in terms of activities of daily life in long-term follow-up KODI scores. The number of instrumented segments in group A was less than that in group B and the clinical features in group A improved more during the long-term period. But, some authors suggested that long-term clinical result affected from not only surgical fusion option but also initial neurologic injury, kyphotic deformity, combined extraspinal injury, neuropathic pain 3, 7, 9) . Therefore, considering the relatively young age and the quality of life after surgery of patients with multiple vertebral fractures, it is advisable to perform short-segment fixation rather than long-segment fixation 18) .
Meanwhile, spine surgeons have been trying to reduce fixed segments 18) . As part of this, if a vertebral body fracture but in-tact pedicle is well-established, then short-segment fixation rather than long-segment fixation is preferable because additional fixation can be obtained through insertion into intact pedicles in spite of the existence of the vertebral body fracture 4) . According to Chen et al. 2) , Guven et al. 4) , and Liu et al. 16) , through research of the changes in vertebral height and sagittal index, there was no difference noted in the fixation strength between short-segment fixation, including screw fixation into the fractured vertebral body via intact pedicle, and long-segment fixation. The incidence of complications including pulmonary embolism, instrument failure, respiratory distress syndrome, postoperative delirium, epidural hematoma, infection, and neurological injury tends to increase in long-segment fixation than short-segment fixation. Thus, it is advisable that surgeon efforts be focused on reducing the length of segment fixation 16, 21) .
However, if decompressive laminectomy or a highly unstable or severely deformed spine is suspected, it is necessary to consider using long-segment fixation depending on the characteristics of each fracture, the stability of the spine, and to identify the proper fixation range rather than simply adopting a typical short-segment fixation approach 16, 21) .
In our study, surgical complications including instrument failure, epidural hematoma, and wound infection were relatively similar among both groups.
The main disadvantage of this study is the retrospective study. A limitation of this study include that most of the fractures due to trauma occurred at relatively young ages and bone density was not measured in all patients, so the possibility of osteoporotic vertebral fracture was not accurately excluded. Due to various fracture morphologies, kyphosis, neurologic status and surgical option, it was difficult to conclude preliminary assumption that continuous fracture group had better clinical outcomes in terms of activities of daily life in long-term follow-up.
The number of cases was small and the follow-up periods were relatively short to successfully obtain statistically significant conclusions. It is expected that more patients will be studied in the future and more meaningful results will be obtained if additional studies are conducted on the results of radiological evaluation as well as clinical evaluation.
https://doi.org/10.3340/jkns.2019.0093 CONCLUSION There were no significant differences in demographic findings, the type of fracture, the number of fractures, kyphosis, lordosis, or complications between the continuous and noncontinuous vertebral fracture groups, but the numbers of instrumented segments and long-term clinical functional assessment showed better results in the continuous group. Considering the relatively young age and the quality of life after surgery of patients in multiple vertebral fractures, it is advisable to perform short-segment fixation rather than longsegment fixation whenever possible.
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